Sea turtles spend most of their liveswhich, like ours, may last around 80 years -in the ocean, but the females come to shore on suitably sandy beaches to hide their eggs in a hole in the sand. After months of incubation underground, baby turtles typically hatch at night, dig their way up, and instinctively trundle down to the ocean. Turtles have in recent years been the focus of much conservation work (http://www.billionbabyturtles.org/) and some populations have been brought back from the brink of extinction, often with substantial involvement of dedicated volunteer helpers.
Coming from the other side, humans also tend to feel an instinctive attraction towards the interface between land and water. Billions of us live in coastal towns and cities, and those who don't often invest inordinate amounts of money and effort to be able to spend at least a few weeks per year by the seaside. The emotional basis of this migration behaviour has only recently become a subject of scientific investigation (Curr. Biol. (2013) 23, R501-R504).
Apart from just wanting to be beside the seaside, we also depend on the coasts for many different economic services, including fisheries, trade links, and off-shore sources of energy. The accumulation of people and their economic interests have put pressure on the shorelines, damaging their ecology and even their geology. Subsidence caused by groundwater extraction makes many coastal cities sink below sea level at much faster rates than the sea-level rise caused by climate change.
All these problems add up to degradation of the coastal environment and substantial threats to the global economy. Major cities around the world are increasingly at risk of flooding. Poorer populations are most vulnerable to events like typhoon Haiyan, which devastated parts of the Philippines in November 2013, but hurricane Sandy brought the taste of things to come to the shores of New York and New Jersey in October 2012. At the same time, economic development still continues to destroy natural coastal defences, such as tropical mangrove forests. Ideally, saving and restoring coastal ecology could make a significant contribution to saving populations and industries on the shores from going under.
Mangroves in Myanmar
Myanmar (Burma) is a flashpoint of coastal concerns in the tropics, as the country has recently opened up to international investment, and ecologists fear that development of large-scale agriculture for export could drive deforestation of the still substantive coastal mangroves especially in the Ayeryawady delta, even though these natural wetlands provide the 7.7 million people living in the delta with vital protection against tropical storms.
Feature
Edward Webb from the National University of Singapore and colleagues have recently analysed deforestation rates for the Ayeryawady delta, where mangroves shelter an important biodiversity hotspot and also provide protection to a coastal population vulnerable to storm surges (Global Environ. Change (2013 ) doi: 10.1016 /j.gloenvcha.2013 .
Analysing satellite data from 1978 to 2011 in combination with groundbased observations, the researchers found that the area lost 64.2% of its mangrove cover since 1978 and that this cover is declining much faster than was previously thought. The only area that did not see substantial decline was the Meinmahla Kyun Wildlife Sanctuary, located on a group of remote islands. By 2011, the mangrove cover was severely fragmented, with no coherent patch larger than 300 km 2 .
If deforestation continues at the average rate determined for the 33 years up to 2011, the delta (with the exception of the Meinmahla Kyun islands) will be bereft of mangrove cover by 2026. So far, much of the deforestation has served to create With rising sea levels and environmental problems caused by population and economic pressures colliding at the world's coastlines, there are huge risks to people and the environment, but also opportunities to restore natural defences and help both. Michael Gross reports.
Protect the coasts so they can protect us
Flood alert: With rising sea levels and land subsidence, coastal populations are becoming more and more vulnerable to flooding. While extreme weather events in developing countries cause the largest casualty counts, recent events like hurricane Sandy hitting New York and New Jersey show that wealthier parts of the world will be affected as well. (http://publicintelligence.net/hurricane-sandy-assistance-photos/ (U.S. Air Force photo by Master Sgt. Mark C. Olsen/Released)) land for rice growing. As part of Myanmar's economic development and opening, international investment in high-value crops, such as rubber, jute, cotton, sugar cane and palm oil, is becoming more important and may add to the pressure on the remaining mangrove areas. Shrimp farming, which has been criticised for poor environmental stewardship in neighbouring Thailand, could also take up parts of the coastline.
Given the demands and pressures of an increasingly competitive economy, Myanmar would require strong institutional backing for environmental schemes to save the ecosystem services provided by the mangrove forests. Unfortunately, as Webb and colleagues conclude, "given the current state of environmental governance and regional precedents, recent policy developments seem poised to deeply and negatively affect remaining natural ecosystems across Myanmar."
Rising protection
The loss of coastal ecosystems like the mangroves in Myanmar is even more tragic because these natural protection barriers have the ability to adapt to rising sea levels. Studies of ancient mangroves and marshes have shown that they very rarely lose the race against rising water levels, as Matthew Kirwan from the Virginia Institute of Marine Science and Patrick Megonigal from the Smithsonian Environmental Research Centre, both in the US, have explained in a recent review article (Nature (2013) 504, 53-60).
The response of wetlands, including mangrove forests in the tropics and tidal marshes in temperate climates, to sea-level rise is a complex mixture of biomass growth below and above ground, along with changes to the amount of sediment that the plants can hold back. The net effect is a build-up of height that is fast enough to keep up with sea-level rises like the current rate of up to three millimetres per year. Marshes confronted with much faster rises in the middle of the Holocene (i.e. around 8,200 years ago), due to the thaw after the last ice age, have survived rates of 7 mm per year but failed to cope with a rise of 12 mm per year.
Local effects like subsidence can add to the relative change of sea level, and the damming of rivers reduces the amount of sediment available to estuarine wetlands. Further complexity is added by the changes in global temperature and carbon dioxide levels, which may affect the resilience of different kinds of wetlands in different ways. However, even taking into account all of these problems and the acceleration of sea-level rise through climate change, Kirwan and Megonigal estimate that the tidal wetlands are likely to remain functional -as long as they are not forcibly removed by human activities.
Restoring wetlands
Preserving existing wetlands is obviously a good thing for the sake of coastal protection, but could European coasts benefit from restoration of tidal marshes long lost to land reclamation? Restoring tidal marshes requires more space than conventional 'hard' structural flood defences, but it will be more costefficient in the long term, argue Stijn Temmerman from the University of Antwerp and his colleagues (Nature (2013) 504, 79-83).
As sea levels continue to rise and many heavily populated coastal areas also suffer subsidence, coastal defence is becoming more and more expensive. In the Netherlands alone, the cost of keeping the North Sea out of the country that lies largely close to or below sea level is predicted to rise to 1.6 billion euros annually by 2050.
In the Scheldt estuary in neighbouring Belgium, a large-scale wetland restoration designed as an alternative and more affordable flood defence has already begun (http:// www.sigmaplan.be/en). By 2030, the project aims to convert up to 4,000 hectares of reclaimed land to flood plains, creating 2,500 hectares of tidal marshes. Dykes will be placed further inwards and, thanks to the protection of the marshes acting as a buffer zone, they will not have to be as high and strong as would be necessary directly at the sea front.
Other marsh restoration projects are also underway in the Humber estuary (UK) as well as in San Francisco Bay and in the Mississippi delta in the US. In some areas, moving defences inland is also necessary in order to prevent wetlands from being squeezed out of existence by coastal erosion. In other places, where there is no space left that could be reconverted, Temmerman and colleagues suggest that the creation of reefs could be considered as an ecosystem-based flood defence. The authors conclude that ecologists and engineers should join forces to explore further options.
Concerted efforts
Rising sea levels and disappearing ecological defences are not the only problems that coastal areas face. instance, the current EU Framework Programme, FP7, includes a project known as JERICO (Joint European Infrastructure for Coastal Observations, http://www.jerico-fp7. eu/), which runs until April 2015. The JERICO network aims "to build a solid and transparent organization towards an operational service for the timely, continuous and sustainable delivery of high quality environmental data and information products related to the marine environment in European coastal seas. This will give generic support to protect environment and biodiversity, understand climate change and better predict related impacts and facilitate the sustainable exploitation of marine resources."
The collaborative project uses a number of robotic monitoring devices such as Argo floats and remote-control gliders. It also aims at improving data compatibility in the field.
The green ray
In contrast to other fields where unsustainable use of planetary resources endangers the survival of our civilisation (Curr. Biol. (2013) 23, R1017-R1020), the current threats to coastal lands are directly endangering economic assets to an extent that it appears likely that mitigating measures will happen reasonably quickly. Even though North Carolina has passed legislation in 2012 to ignore climate change, other places like New York and New Jersey, along with much of Europe, will act to protect the valuable assets lined up along their coasts.
While economic interests in developing countries like Myanmar are still driving destructive changes to the coastal environment, the economies lining the European shores realise that they have to save their coasts to save themselves. In some cases, as in Belgium, they may even find that restoring wetlands is the more economic option, and helps both the coastal economy and the ecology. This unique aspect of the importance of the seashores for both people and nature may encourage mutual support, which may help to ensure that, even in a few decades from now, both turtles and humans will still be able to benefit from their visits to the beaches.
Michael Gross is a science writer based at Oxford. He can be contacted via his web page at www.michaelgross.co.uk At the international level, there is an increasing awareness that many of the environmental problems that our civilisation has brought upon itself are either focused on the shorelines or most obvious in their vicinity. Fertiliser run-off from agricultural lands produces eutrophication of coastal waters, marine litter washes up on Norway's otherwise flawless beaches, and disoriented whales as well as dead sea turtles are brought ashore by the tides, while oil spills, such as the one from the Deep Water Horizon disaster in April 2010, threaten coastal ecosystems.
A recent report released by the European Environment Agency (EEA), Balancing the future of Europe's coasts (http://www.eea.europa.eu/ publications/balancing-the-future-ofeuropes), summarises the economic importance of the coasts and the pressures that they are exposed to and calls for a concerted effort to manage these conflicting interests.
A previous effort, the EU's Recommendation on Integrated Coastal Zone Management (ICZM), dates from 2002, but the new report finds that its implementation across the EU is no better than 50%, which it blames on lack of clear administrative responsibilities for coastal matters. A new directive aiming to clear up the red tape is underway.
Meanwhile, an important issue highlighted by the report is the coordinated collection and use of highquality geo-spatial data concerning the environmental health of coastal regions. Combining diverse and non-matching regional datasets to build an integrated high-technology mapping effort, as provided recently for forests on a global scale (Curr. Biol. (2014) 24, R1-R4), could transform the management of coastal areas as well as the research into coastal ecology.
The report also announces that the EEA is currently developing a system of accounts to quantify 'ecosystem capital', such as fish stocks or biodiversity, and to track changes to this capital, e.g. from environmental degradation or over-exploitation. Similarly, the report also calls for vulnerabilities of coastal locations to be assessed and monitored, such as coastal erosion, eutrophication, or loss of sediment in the Venice lagoon.
There Press, 1996) .
What turned you on to biology in the first place? For many becoming a biologist seems almost innate and is often reflected in collecting and watching animals from a very early age. I preferred playing cricket. I was, however, very fortunate to come under the influence of an inspirational biology teacher. Perhaps to make up for earlier, lost opportunities, studying insects in the field and in the laboratory has been a real joy in my later life.
Any advice for someone wondering whether to start a career in biology? If you become a scientist you probably won't get rich, but you might get to live and work in some very interesting places around the world.
If you knew earlier what you know now, would you still pursue the same career? Yes, I would; it has been fun, rewarding and has enabled me to collaborate with a range of amazing people more skilled and
